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'(54) Tide: METHOD AND APPARATUS FOR CODING INFORMATION 

( 

(57) Abstract 

A method of encoding invisible identification code into an image, 
which is highly resistant to degradation across communications links and 
which does not require the presence of the original .mage 
," mnr : t „ anawsine the image and determining strongly featured regions 
uch'as eogTs S inserting c'ode into such regions by altering the strucmre 
of i\e image in a predictable manner, as for example a concave elliptical 
insert censed on and ahgned with an edge, which alteration = <o 
the eve When decoding, areas of concavity are determtned. and a correlation 
S performed wS a predicted insert function to assess whether code has been 
inserted. A hardware embodiment is described. 
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METHOD 



AND APPARATUS FOR CODING INFORMATION 



The present invention relates to a method and apparatus for the insertion, and 
subsequent decoding, of coded information into images. 

U is known to insert codes into images for examp.e video transmissions or ^ video 
clips or stills transmitted across a telecommunication link, for the purpose of idenufymg 
TZZ of the images. There are a number of known schemes for insening 
cne uwnu & rpcentlv it has been proposed to 

identification codes into the sync periods, and more recently ' 
lucuu t -_. f hnr ; n c UC h a manner that the code 

insert identification codes into the image itself, but in such 

10 cannot be detected by the eye. 

Ml of Che schemes heretofore proposed suffer from .he disadvantage that low 
pass filtering and other processes such as data compression, which may occur ,n tmage 
ZprLon algorithms or rransrmssion across a telecommunication an, ma y remove 
the code or degrade it to an extent where it cannot be recogn.sed. 

EP-A-0SM317 d.sc.oses a scheme wheretn relauve extrema of intensity withan 
the image are detected and the intens.ty values are modtfied by a certatn amoun, Tta, 
provide a large number of sites whhin the tmage and a signature ,s created b 
mod vine the'value of intensity a. selected sites. Although it is clarmed that 
moauying orocessin* nevertheless a more robust 

mpthod is resistant to certain types of image processus 
,0 Them r transmtssion e.g. broadcasting ,s desirable. Further, a 

method is that in order to recover the encoded dtgital signature ,t ,s necessaxy to 
«o hand the orig.nal image, thrs severely limits the appi.cat.on of the method. 

. « . , » 0 ^ Mqv 1095 discloses the embedding of an 
WO 95/14289, published on 26 May uiw.i . 

identification code throughout an tmage by modulating a digitised version o the »a 
,5 with a small noise sisna!. The specific system described suffers from the 

o rearing to hand the origina, tmage for code identification. Further tmprovemen* n 
eTobusL ss for transmission over telecommumcations UnKs or broadcast are also 



desirable. 



u a „„ ii lulv 1995 discloses a method of hiding 
WO 95PCP91. published on 21 July i^j, uia 

wu v:>/-u- h relies on comrn0 nly 

30 coDVrieht related messages with a digital data worK. w. 

Zrring patterns or seances of data , ^^^^Z^ 
elements which are modified according to certain rules. The 
from a lack of robustness to signal degradation. 
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All of the above references suffer from a disadvantage that they are concerned 
wholly or principally with the digital domain, and the disclosed techniques are not 
suited to the analog domain Jn particular where digital to^anaiog conversion and analog 
to digital conversion may easily lose or degrade individual pixel values. 

5 WO 89/08915 discloses an invasive coding technique in which insignificant 

digits of recorded material are replaced with a code digit from an independent sequence. 
WO 90/09663 discloses a non-invasive technique wherein data words are identified 
according to predetermined criteria and a unique identifying pattern is created 
therefrom. Neither of these techniques is well suited to practical use such as in 
10 broadcasting applications. 

An object of the present invention is to provide a highly robust method of 
encoding information into an image, which is highly resistant to image manipulation 
and degradation and is effective equally in analog and digital domains. 

The present invention is based in one aspect on the realisation that coded 
15 information may be inserted into an image in strongly featured regions of the image in 
such a way that the code is resistant to image compression and/or low pass filtering 
such as may occur in transmission over telecommunication links, but is not visible to 
the eye, and furthermore the code does not require for decoding the presence of the 
original image. 

20 In a ru " st specific aspect, the invention provides a method for inserting coded 

information into an image, comprising analysing the image, identifying strongly 
featured regions and inserting coded information into these regions. 

By strongly featured regions is meant regions of primary strength to which the 
eye responds in viewing an image for example textured regions or lines or boundaries 

25 between two regions of different luminance. In such regions, it is possible to insert a 
relatively large amount of information without significantly altering the image in its 
appearance to the eye. It is possible in some applications in order for an adequate 
prospect of decoding the code, that the code is inserted at an intensity which may risk 
some visible artefact ; nevertheless the present invention always permits the possibility 

30 of completely invisible code insertion. 

Because the method of the invention relies on an analysis of the entire image 
and code being inserted in strongly featured regions rather than in individual pixels as 
in the prior art, the code is better able to survive analog to digital conversions and 
digital to analog conversions, where there will inevitably be pixel misalignments 
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between the original and processed images, and hence .he pixel values will be 

apparently altered. 

As preferred, edge regions between areas of different luminance are employed 
since these are verv distinctive and will permit code insertion without visibly degrad.ng 

5 the image. However, edge regions between areas of different chrominance may 
alternatively or in addition be employed . In a further preferred form, textured regions 
may be employed as will hereinafter be described. 

As preferred, the coded information is inserted into strongly featured regions by 
altering the structure of the image in such region in a predictable or identifiable manner. 

10 The structure of the image may be altered by inserting a distinct subimage, for example 
a rectangular bar or ellipse along the length of an edge region. Alternately ^ and as 
preferred, the image is a.tered by applying an insert function to an area mcluding the 
strongly featured reeion. which insert function gradually decreases in intensity from the 
centre of its region of application, so as to blend with the surround.ng region. 

15 A main advantage of applying the coded information by altering the image in a 

predictable or identifiable manner is that the information can be recovered m a 
decoding process at a remote location without having the original to hand. Thus, upon 

i j a , t »,rrh is made for any feature resembling tne 
decoding, the image is analysed and a search is maae ror any 

structural alteration. If one or more features can provisionally be identified then such 
,0 features can be warded as coded information; as preferred a "confidence actor may 
be attached to each detected feature denoting the degree of reliability of the 

identification. 

Prior ,o inserting .he informauon. .he image is preferably analysed <o determine 
a, leas, one masking threshold or masking parame.er which provides a measure of by 

, 5 how much the structure of the image may be aitered without risking the coded 
informauon becoming visible. If such threshold or parameter is sufficient to enable 
insertion of coded informauon of sufficient intensity to perm., decoding, the coded 
information is inserted at a level determined by the masking parameter or threshold. 

Thus as preferred an assessment is made of the strength or energy of the 

30 strongly featured regions within the image, in order to determine the permissible 
strength of insertion. This assessment va!ue is employed to appropriate ly sca!e the 
insert function as it is inserted into .he image. Further masking thresholds m y be 
provided by assessing whether the image is suitable for code insertion, for example the 
degree of consistency of the edge, the definition of the edge centre, and the strength ,0 

35 prevent insertions when the image is determined to be unsuitable. 
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Thus in a more specific aspect, the invention provides a method for inserting 
coded information into an image, comprising analysing the image, identifying strongly 
featured regions, determining for at least one such region a masking parameter, and 
5 inserting coded information into such region in a predictable or identifiable manner bv 
an amount determined by said masking parameter. 

As preferred the coded information is inserted into an edge region by varying 
the luminance intensity in a local area, along the length of an edge, for example, by 

10 applying over the area a luminance intensity having a non-linear contour, for example a 
concave or convex function, which is aligned with the edge. A function applied in this 
way may represent a digital "1" or M 0" according to whether it is concave or convex (for 
the purposes of this specification, where the terms concave, concavity and concaveness 
are used, they are to be understood as including convexity, which may be regarded as 

15 concavity with a negative radius of curvature). Such a method is very resistant to signal 
degradation arising for example from image compression. Other methods of encoding 
may be envisaged for example applying a non-linear function which varies 
perpendicular to the edge. 

For textured regions, an example of which is a carpet with several colours 
20 distributed at random in the carpet fibre, a code would be inserted by first performing a 
statistical cluster analysis on the image to identify regions which consist of two or more 
basic values which are randomly distributed. The most intense "foreground" value is 
determined, and a circular function, appropriately scaled by a suitable masking 
parameter, centred in the textured region and gradually diminishing to zero radially, is 
25 applied to the foreground pixels to modulate their intensities. In the decoding process, a 
similar analysis is applied to the image, and the set of foreground pixels in each 
textured region is analysed to assess whether such circular function has been applied. 

As preferred, the image, e.g. a video frame or field, is divided up into a number 
MxN of blocks in M rows and N columns, each block comprising nxn pixel elements 

30 (e.g. 8x8). Strongly featured regions are searched in each block for insertion of code. 
In order to encode a significant amount of information into an image, it is necessary to 
apply the insertion function to a number of featured regions, say edges, in the image. 
If for example, one edge is chosen in each block into which the image is divided, then 
in order to increase confidence when attempting to recognise the code, the edges in one 

35 row may be encoded according to two separate pseudo-random codes, representing a 
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or -0- Thus when an image is scanned for a code, .he insertion function in each 
b ock may or mav not be located with a degree of conftdence. The identtfied funcon 
1 7 Z of Mock with appropriate conftdence weighting factor,, ar, i compared with 
L pseudo-random codes to derive a T or "O" with a much higher conftdence factor. 
5 However as preferred and as an ahemative to relying on rows of blocks, each 

row rep" senting « bit. the various bloc* which together represent one £ may * 
.strJted throughout the mtage according -J^— ^ 

,0 of the b!T This method has the advantage that areas where no edges occur, for example 
background regions of sky. can be avoided. 

Although two oseudo random codes of ones and zeros are preferred for 
decoding data other oseudo random codes may be empioyed. For example, a stng 
Ludo Ldom code may be employed where a watermarking type code is reared 
15 Indicating ownership of the image. Other types of code may also be emp.oyed. 

A proMem wtth dividing an image into a number of blocks occurs in decoding 
the image since if mere are only a few edges ,n the image and many blocks wuhout an 
edge i, is difficult ,0 maintain synchronisation with the encoding process. 

As a means of overcommg this problem, the video synchronisation process may 
20 be a.tered so that synchronisation occurs at the star, of each row or Ime o b o k, 
then as descnbed above, each row represents a single btt of information a secure 
™ ho" of codtntt is provided. One means of providing synchronisation ,n,o_ 
Tor example where video images are employed, is to use the line sync pulses as a 
1 , : To vncnromsatio. As an alternative, a very low fluency modu atton . may be 
,5 applied to an entire image (for example a dtgitised still photograph .mage) o that the e 
s p ovided a par. of a cvc,e or one or two cycles of a low frequency modulauon aero s 
he width anlr heigh/of .he image .o enable centering of the 

this low frequency modu.atton. in a manner somewhat analogous .o an a,cher urge, 
T„ anv even, .he decoding stage will automatically aUgn to the recepuon of dtgttal 
30 informaiion to permit the required synchronisanon. 

!„ regions of the image where there does not occur strong features, for example 

■ Haired to insert a code in the form of a region of fixed 

backeround regions, it may be desired to insen a ... • ,:,„ 

oacicgroun 5 ...„„,, a circ le which although relatively large in size, is 

or variable luminance, for example a circle wni = 
no. visible to the eye. This ensures that coding information ,s present in all pans 
35 image for robus.ness of transmission and decoding. 
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In a further specific object therefore the present invention provides a method of 
coding information into an image, dividing the image in MxN blocks in N rows and M 
columns, and-insexting into selected blocks code -information of-one of a -plurality of 
types, the type of code inserted depending on an assessment of the image features in the 
5 respective block. 

The present invention also extends to a method of decoding, and according the 
invention provides in a further aspect a method of decoding information contained in an 
image, the method comprising analysing the image, identifying strongly featured 
regions, determining for at least one such region an anticipated insertion of coded 
10 information, and correlating such anticipated insertion with the image to determine 
whether there has been inserted into the strongly featured region coded information. 

As preferred in the decoding method, similar processing steps are carried out as 
in the encoding method, involving analysing the image and defining an anticipated 
insertion function, as will become clear in the description of the preferred embodiment. 



15 



The present invention also extends to apparatus for carrying out any of the 
aforesaid aspects of the invention. 

The information encoded into an image may be used for a variety of purposes, 
for example as follows: 



20 



to insert copyright or identification information in video clips or films; 

to insert copyright or identification information into stills; 

to log when adverts or films are played in broadcasts, for monitoring 
purposes; 

to identify the master copy from which pirated videos are copied. 

25 The information encoded may represent coding information which initiates 

operations within the decoding apparatus, or provides specific identification 
information, for example copyright information with the name of the copyright owner 
etc. Alternatively, the information may be merely analogous to a watermark, serving 
merely to identify the source of the image information but not being specific to the 

30 particular image. 

Brief Description of the Drawings 

A preferred embodiment of the invention will now be described with reference 
to the accompanying drawing wherein: 
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Figures I to 7 are diagrams for explaining .he preferred merhod of the pre S =n, 

invention; and 

? ^ j rrr k G riimpnf of aooaratus of 

Figures 8 and 9 are block diagrams ot a preiene U v...— 

the present invention. 
5 Description of the Preferred Embodiment 

,„ accordance with a preferred embodiment of the invention, there is hidden 
local insertions in edges within the image. Edge regions are known to have rnaskrng 
rot"" e of the way the human visual system works. .. particular the local 
orient of the edges are imponant. and mere are specific structures m the pnmary 
10 :~ex for deling both the presence of an edge and its local onentation (to a 
resolution of about 32 different orientations). 

The inseruons are such that they do not alter the local orientation. They must 

also survive low pass altering since this is a common process for images. The 
also survive v rf make the y level 

insertions are made along the length of a local section 5 
,5 Tdtnt along the direction of the edge either a concave or a convex function over the 
™Lc of the insertion i.e. travelling from the start to the end point of the insertion 
aL the direction of the edge of the grey ieve, is either greater or less would* 
expected by a simp,e linear interpolation from the star, and end points. One tmpor.n 
polt of chis is tha « ,he start and end points the grey level must return to the value of 
20 ^ original image ,„ order to prevent any propagation of the distomon. or any 
discontinuities. 

The inseruons are made as a 2D function, by using an eUipse which , is aUgned to 
,he iocal onentation. The eil.pse has a cross sectional function which ,s a 1/2 c e of a 
cos function and ,s used to weight the extent of the insertion, i.e. outside e^ n 
insemon is made, within it the insertion is weighted by the cos funcuo. 
concave or convex function by adding or subtracting it ,0 the .rnage^ T ma -d= of 

. ■ va rierf according to the amount of activity in the block, tor a rugn 

the insertion can be varied accoruui 0 ^ 

tne inseruon c alwavs possible to produce the 

activity block a stronger insertion can be buned. It is aiwa. p 

required function: a block which already has a very strong convex function may require 
required ^ ^ ^ may pfoduce a 

~>,0 the insert on to be verv large to conven. u iu a 

3U tne insemo accumulation of a number of 

visible artefact. This is one of the reasons tor using 

blocks to produce a single bit (see below). 

The size of the msertions and their positions are fixed by processing the image 

in a block by block manner, typically with a block size of 8 by 8 puels. 



25 

concave or 
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There may be insufficient edge blocks within an image to generate a consistent 
result, particularly since the selection of these edge blocks may be inconsistent when the 

^.vwwj^u. iuau -iv puuicnio in Kecking me ueeoamg process in 

synchronisation with the encoding process, such that the correct blocks were used to 
5 determine each bit. 

To overcome this, the synchronisation process is aligned to the start of a line of 
blocks. Jhus all the blocks within the first line of blocks are used to encode/decode the 
first bit. Then all the blocks within the second line would encode/decode the second bit 
etc. This may be extended so that a number of lines are used to encode/decode each bit, 
10 which reduces the amount of information which could be inserted but improves the 
robustness to processing. 

In a modification and as preferred, a group of blocks contributing to a single bit 
may be distributed throughout an image according to a predetermined code. This has 
the advantage as compared with a line of blocks contributing to a bit. that the blocks 
15 may be sited where strongly featured regions occur, and are not located for example in 
a background region with no strong features. 

A Pseudo Random Sequence (PRS) is used to improve the accumulation of 
results from the individual blocks to determine a single bit. The PRS consists of a 
random but fixed sequence of +1 or -Is. +1 means that the insertions is added to 

20 produce a convex functions, -1 means that it is subtracted to produce a concave 
function. For the encoding process, each block is processed in turn, and the next 
element in the PRS determines whether the insertion is added or subtracted. There are 
two different sequences, one for the I data bit and one of the 0 data bit. Thus for the 
decoding process the concave/convex-ness of each block is correlated with both 

25 sequences, and the sequence which produces the highest correlation determines whether 
what the decoded data bit is. 

A second method of coding is to code low-pass regions as well as edge regions. 
The low-pass regions are coded with circular insertions centred on the block. The 
insertions in this case are of a fixed strength, and not related to the activity in the block. 
30 This improves the robustness of the process. 

The encoding and decoding algorithms are listed below as a sequence of steps: 
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Encoding Algorithm 

1 ) split the frame into adjacent blocks each of n*n pixels 

2) calculate the dominant orientation in each block 

3) calculate the amount of activity in each block 

5 4) calculate the consistency of the dominant orientation 

5) to encode one data bit process each block within a predefined set of blocks 
distributed throughout the image, as follows. 

5a) look up the next element of the PRS for the data bit 
1) if it is a 1 set up add 
10 2) if it is a -1 set to subtract 

5b ) segment the blocks in the following categories 

a) a single edge/line in a dominant orientation 

b) a low activity block 

c) several major lines or edges 
15 5c) process the blocks as follows:- 

a) add/subtract an elliptical function 
al) centred on the edge 
a2) aligned to the block orientation 
a3) scaled by the activity in the block 
20 b) add/subtract a circular function 

b 1 ) centred on the centre of the block 
b2) fixed strength 
c) no insertion 
6) repeat step 5) until all the bits are encoded. 
25 Decoding Algorithm 

1 ) split the frame into adjacent blocks each of n*n pixels 

2) calculate the dominant orientation in each block 

3) calculate the amount of activity in each block 

4) calculate the consistency of the dominant orientation 

a , Kir nmcess each block within the predefined set of blocks 
30 5) to decode one data bit process eacn uiu«-^ 

distributed throughout the image, as follows:- 

5a) segment the blocks in the following categories 
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a) a single edge/line in a dominant orientation 

b) a low activity block 

c) several major lines or edges 

5b) process the blocks as follows:- 

5 a) calculate the concave/convex-ness of an elliptical function 

al) centred on the edge 
a2) aligned to the block orientation 
a3) scaled by the activity in the block 

b) calculate the concave/convex-ness of a circular function 
10 bl) centred on the centre of the block 

b2) fixed strength 

c) do nothing 

5c) correlate the convex/concave-ness of the block with the next element of 
the data bit 1 PRS and accumulate the result. 

15 5d ) correlate the convex/concave-ness of the block with the next element of 

the data bit 0 PRS and accumulate the result. 

6) compare the data bit 1 accumulated correlation with the data bit 0 accumulated 
correlation. The larger of the two is the decoded data bit. The size of the correlation is 
the confidence in the result. 

0 7) repeat steps 5) and 6) for each data bit- 



Referring now to Figures 1 to 8, the algorithmic steps listed above will now be 
explained in detail. 

The frame axis conventions used to describe the mathematics are shown in 
Figure 1. A pixel is defined by its coordinates (x,y) and its luminance value is 
r(x t y). Note that the top left pixel of an image is the (0,0) pixel, and that the y axis 
has its positive direction down the frame. 

As shown in Figure 2, the frame is segmented into non-overlapping blocks, each 
block being of size n by n pixels. Smaller values of n mean that it is more likely 
that only a single edge will be found in any given block. It also means that more 
individual blocks will be available for the correlation process. Larger values of n 
mean that larger, and therefore more robust, insertions can be made. In practice a 
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good choice of n is 8. The block axis conventions used in segmenting the frame are 

.shown in Figure 2. 

_ . . r~ -> .u^ u.oi ^mtnt'mn for each ooint in the frame is 

Keremng co riguic j\ i^u* 

calculated from four surrounding points by a process as described below. This gives 
a vector at each point in the frame, with the magnitude of the vector representing 
the strength of the feature, and the angle representing twice the local orientation. 
This is illustrated in Figure 3. Thus the local orientation gives a measure of grad.ent 
of luminance in a particular direction within the block. A very large value of 
orientation indicates the existence of an edge; In this double angle form the vectors 
can be vector averaged over a block to give the local orientation for the block. Ttus 
provides a relatively fast estimating algorithm. 

e.g. as shown in Figure 3: 

9 - -45degTees : by convention. 9 is associated with point a = (x.y) 

-dx - 0. 7 
-d\ --0.7 



9 is estimated from 



a = r(x.y) 
b = r(x,y + D 
c = r(x + l.y) 
d = r(x + l.y + 1) 
e = d - a 
f = b-c 
Re = -2 * e * f 
Im = e : - f 2 



-MS) 



8 is in single angle form 
Re,Im are in double angle form 

orientations are averaged in the Re.Im double angle form. 

The calculation of the average block vector is simply a matter of summing the 
20 local vectors for the block, as shown in Figure 4. A large average block vector 
indicates a strong edge running through the block. The average energy in the block 
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can be calculated by summing the magnitudes of the individual vectors. From these 
two figures, the local block orientation can be calculated by taking 1/2 the angle of 
the block ^vector, and a measure of block consistency calculated bv taking the ratio 
of the magnitude of the block vector to the block energy. 

5 The local energy can be used to distinguish between blocks which have small 

activity (little variations in image) and blocks which have some activity. The 
consistency measure can be use to distinguish between blocks which have a 
consistent orientation and these which have a inconsistent orientation. This allows 
the blocks to be split into three categories as shown in Figure 5. 

10 For blocks with a consistent local orientation a centre of the edge needs to be 

calculated. The method is shown below with reference to Figure 4; Each individual 
vector is resolved into a component in the same orientation as the block orientation. 
Then the local centroid of these components is calculated in the orthogonal axis of 
the local orientation. This local centroid is the centre of the edge which is used to 
15 centre the insertion on the edge. During the calculation a variance is also calculated, 
which is used to determine if there are two edges in the same block, in which case 
the block is classified as inconsistent, and no insertion is made. This is to prevent 
the insertion being made halfway between the two edges. An alternative strategy in 
this case would be to split the insertion and make two insertions, calculating the 
20 centres by a binary splitting local centroid algorithm. 

Referring to Figure 4, the orientations are held as the real Re(x.y) and imaginary 
Im(x,y) components of the double angle form 

they are averaged in this form 

Rc_A = ]T Re(*,y) 
Im_ A = ^Im(x, y) 

25 The energy of the block is calculated from 

Strength = M_ A(k, I) = ]T sqrt ( Re(x f y),Im(x,y) ) 

The local block orientation is calculated from 

✓w, , I ^ _r f Im A\ 
6(kJ) = -Tan 1 — — 
2 [Rc^AJ 

The block consistency is calculated from 



o 
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sqrt( Re_ A * Re_A + Im_ A * Im_A) 

To calculate the centre point c(x,y) 
translate coordinates to centre of block 

N 

xl = x - — - 
2 

N 

yi = y- y 

5 rotate axis to local orientation 

x2 = dx'* x + dy *y 
y2 = -dy*x + dx*y 

calculate component of activity in block orientation 

r = dx * sin(9(x, y)) + dy * (-cos(9(x, y)) 

calculate local centroid of components 

£(r*x2) 

lcx = 



10 



15 



X(r*y2) 



Icy = 



*.y 



rotate and translate coordinates back 

A\r * \r\! -4- 

N 
2 

also calculate a variance figure 



N 

cx = dx*lcx-dy*lcy+Y 

N 

cy = dy * lex + dx * Icy + — 



£(r*y2*y2-lcy*lcy) 



x.y 

var = — 



2- r 

x.y 



Figure 5 illustrates how the different block types are processed. The oriented 
blocks are given an elliptical insertion aligned with the edge within the block. The 
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strength of the insertion is scaled by the energy within the block. The low energy 
blocks have a circular insertion, centred on the centre of the block, and with a fixed 
strength^ They may also have a small dither to prevent contouring. Inconsistent 
blocks have no insertion. 

5 The elliptical insertion function is calculated for each point within the block 

based on its distance from the centre point t by rotating to align a local axis with the 
block orientation, and scaling the y-axis to produce an elliptical rather than circular 
function, as shown in Figure 6. The cross sectional function of the insertion is a 1/2 
cycle of a cos function. This insertion function is then used to weight the 
10 concave/convex-ness of the individual points, so as to limit the extent of the 
insertion. 

Referring to Figure 6, the insertion function is calculated as follows. Calculate 
the distance vector between point (x,y) and point (cx,cy) 

xl = x - cx 
y] = y-cy 

15 Rotate the local axis to align with the local block orientation 

X 2 = dx * xl + dy *yl 
y 2 = -dy *xl + dx*yl 

scale the y axis to produce an elliptical function in distance 

y3 = y2 * ratio 

calculate the radial distance of the point(x,y) 

Jx2 2 +y3 2 

20 d = : 

MAX_d 

calculate the insertion function 
if(d >l)d = 1 

i(x,y) = 0.5*(cos(d*7t) + l) 

The insert function is appropriately scaled by the block energy factor, M_A. 
Whilst the scaling may be a simple proportionality factor, other scalings may be 
25 envisaged. In general, the scaled insert factor, i s> may be represented as: 

i s (x,y)= f ( i(x,y), M_A ) 

The calculation of the convex/concave-ness of a block is illustrated in Figure 7. 
The edge points of the block are used to estimate the inside points using a linear 
interpolation in the direction of the block orientation. The difference between the 



14 



10 



^ r PCT/GB96/00246 

WO 96/25005 

es.in.ated va!ue and the accual value .hen gives a + ve or -ve number. These numbers 
« .hen weighed by .he insertion funcon and summed over rhe Mock ,0 g.ve a 

r , -,»,r, w f rt r th? h'.ock-wWh indicated its concave or convex-ness. 
final +ve or -ve value 101 uic uiuvr. - 

Referring to Figure 7, predicted value at point (x,y) 

p(x.y) = Lin(p(xl.yl),p(x2.y2)) 
5 p(xl.yl) = Lin(r(xll,yl),r(xl2.yl)) 

p(x2,y2) = Lin(r(x2,y21).r(x2,y22)) 

concave/convexness of point (x,y) 

c(x.y) = r(x,y)-p(x,y) 

~f kio^wv n when scaled insert function is added: 
Overall concave/convexness of block(K.U. wnen *uuc 

C(k,l) = Xc(x,y)*U(x.y) 

The measure C of block concavity is a significant factor which is computed 
during the encoding process, and is employed during the decoding process to denve 

the inserted code. 

,„ .he encoding process. ,hc measure C is compuKd . and a funher fac.or is 
computed from C. as will be explained in more de.aii below ,o de.erm.ne by how 
much .he scaled insen function should be further scaled .o produce .he deseed value 
of C in .he individual encoded pixels which are transmmed. 

,„ .he decodin* process. ,he ex.s.ing concavi.y C of .he image block is assessed 
( which w„, inciu'de ,he .nsened scaled insen funcon ,. and .o .h.s ts added tine 
con=avi,v of .he pred.ced insen funcon i, . A correia.ion process „ .hen enjoyed 
,o de.ermine whe.her an insen funcion exisls wi.lun .he .mage. 
Bv wav of example, in a decoding process, measures of block <°"^~™2 
are combined across a predefined se, of b.ocks in order ,o produce 
for each bi<. For example ,h= measures from 4 success.ve l.nes of blocks can be 
combined ,o produce each bit The combina.ion is done by coneiaung ; o one of 
,wo differen. pseudo-random sequences as shown below. The elements of .he PRS 
are multip.ied by .he measures for successive b.ocks. and .he resuhs accumula ^ 
.his ,s done for bo.h sequences. Then .he largest of the two daemon., «h.c b,t . 
decoded, and ratio of the larges, collating va,ue .o ,h= max.mum poss.b. one 
gives a measure of confidence ,ha. ,he correlation is correc, Nore .ha. a measure of 
30 confidence is only reliable for a large number of blocks. 
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EXAMPLE 

two correlation sequences e.g. 
5 Zero : +1, -1, + l f +l f -1, + 1, +1, +1, -1,-1, +1 

One: -1, -I, -I, +1, +1, -1, +1, -1, +1, -1, +1 
- correlated with C(x,y) e.g. 

C(x,y):+0.2, -0.9, +0.1,etc... 

zero gives: (+I)*(+0.2) +(-1)* (-0.9) + (+1)* (+0.1) = +1.2 

10 one gives: (- 1 )*(+0...2) + (- 1 )*(-0.9) + (- 1 )*(+0. 1 ) = +0.6 

sum gives: (+0.2) + (+0.9) + (+0.1) =+1.2 

Maximum of zero or one determines 0 or 1 bit decision 

e.g. zero = +1.2 gives a 0 bit 

- 100* (zero/sum) gives measure of confidence as a number up to a maximum of 
15 100 

e.g. 100* (zero/sum) = 100 



Referring now to Figure 8 which shows an encoder for encoding video images, 
video data is input on line 10 to an 8 x 8 blocking device 12, which performs the 
operation shown in Figure 2 of dividing the input data into blocks each of 64 pixels. 
The block data DATA is then passed to two devices 14, 16 for estimating the local 
orientation of each point within the block and giving the real component Re_A of the 
orientation and the imaginary component Im_A of the orientation by a process of 
interpolation described with reference to Figure 3. The values are averaged in summing 
devices 18, 20 to give average values for the block and from these average values, the 
block orientation 9 is calculated as at 22 by dividing the angle of the block vector by 
two as described with reference to Figure 4. Signals Im_A and Re_A are applied as 
inputs to an energy calculation unit 68 which generates a signal Strength , representing 
the energy or strength of the featured regions in the block, in the manner described with 
reference to Figure 4. A measure of the consistency of orientation in the block is 
obtained as at 24 by taking the ratio of the magnitude of the block vector to the block 
energy. This provides an output 0 which is applied to a logic unit 80 to be described. 
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The block orientation unit 22 output 0 is applied to devices 26. 28 together with the 
individual values of each vector from untts 14.16 in order to perform the calculat.cn 
described with reference-to Figure 4 of calculating for each vector the component of 
activity parallel to the axis of the block orientation. In addition, dev.ee 28 rotates the 
5 coordinates of the vectors to be paral.e! with the block orientation vector The centro.d 
of the components is computed as at 30. 32 and outputs lex. Icy are appued to -m 34 
which is operative to translate the components back to the original x, y axes and prov.de 
centroid components ex. cy. In addition device 36 calculates a valance figure var as 
described with reference to Figure 4. 
,0 Devices 40. 42. 44 receive signals ex. cy. the block orientation 6. and the 

signal. Devices 40. 42. 44 are operative to calculate the elliptical insert.™ 
„ i as described with reference to Figure 6. The S^t signal ,s emp oyed to 
scale the insert function and produce a scaled insert taction i, The mseruon funcon 
,s employed to weigh, the amount of luminance applied to each pixel dependent on ,.s 
1 5 radial position with reference to the edge centre. 

Dev.ces 46. 48. 50. 52. 54. 56 are employed to in.erpolate the pixel addresses of 
the edge and to estimate the existing concavity of the block. Firstly a point wi,h.n , *. 
block <x,y) is reconstituted from the orien.at.on 9 as at 46, 48. As desenbed w,th 
reference to Figure 7. edge addresses x!l - x22 axe estimated a. 50 by a process of 
20 interpolation a, the edge of the block, and the luminance values p(x.,. y,). Pfx 2 . y 2 are 
then es..ma,ed as a, 52. 54 by a process of linear tnterpolarion. Ttal lummance c , h 
point p(x. y) is then ca.cula.ed by a further linear in.erpolation as at 56 The difference 
(x y) between the actual value r(x. y) and the estimated va!ue p(x. y) ,s then found ,n 
sub,rac.or 58. The value c(x. y, weigh.ed by the insertion funcion i(x. y, and summed 
25 a. 60 over the entire block gives a sum value C(k.l) representing the concav.ty of the 
entire block as described above. 

As mentioned above, this value is employed directly in the decoding process. In 
the encoding process, this value is employed, as will now be described, .o determine the 
weighung .o be applied .o the luminance of individual pixels. A value , enved 
30 represent the max.mum strength of the insert which will no, nsk the utsen becommg 
v. ible. This value is denved from a look up .able 70 wh.ch is accessed by the M 
signal. The lookup table value is hnuted as at 72 and modu.ated as at 74 by the pseudo 
random code bi, to be app.ied to the b.ock. The result is then subtracted from the 
overall concavity figure C in subtracter 62. The result of the subtrac.on g.ves a 
35 mul.iply.ng factor represent.ng by how much the insert funct.on must be ad.us, d to 
give .he appropriate lummance value for individual pixels. Thus value ,s hrtu.ed a. 78. If 
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the multiplying factor is too great, creating the risk of a visible artefact, then the limiter 
78 will return a maximum value only. 

Tne multiplying factor is subject to a logical function at SO which receives a 
control input from a logic block 81, which thresholds and combines inputs comprising 
5 the consistency angle p, the variance var, and the signal Strength from unit 68 to 
indicate whether the block is a suitable block for containing data. Effectively the units 
80, 81 perform the function indicated in Figure 5 to assess whether the block is suitable 
for code insertion. 

The scaled insert function i s is multiplied at unit 82 with the multiplying factor and 
10 summed at 84 on a pixel-by-pixel basis with the input data from unit 12 to provide a 
coded output signal as at 84. 

In the case where the block is unsuitable for code insertion along an edge in that 
the Strength signal indicates that the block is of low activity as exemplified in Fig. 5b, 
then units 40-44 are adapted to compute a circular insert function. In the case where as 
15 indicated in Figure 5a, insertion along an edge is possible, then units 40 - 44 compute 
the elliptical insertion function i s defined above with reference to Figure 6. 

Referring now to Figure 9, the decoding section which receives the coded output 
from the encoder operates in a very similar manner and similar units are indicated by 
the same reference numeral. The essential difference is that units 70 - 82 of the encoder 

20 are omitted and are replaced in the decoder by unit 100, which is operative to perform 
the correlation function outlined above (see EXAMPLE ) with the pseudo random 
codes in order to decode the data. Thus the decoder computes the overall concavity of 
the block as at 58, and the anticipated scaled insert function i s These values are 
summed as at 60 to give a value for the whole block, and a correlation is performed in 

25 unit 100 with the two pseudo random codes representing the two possible binary values. 

Whilst the above has been described as a preferred embodiment, other 
embodiments may be implemented. For example an embodiment will now be described 
for encoding textured regions. 

ENCODER 

30 1. An image is to be encoded containing textured regions comprising a random 

mixture of small localised areas having different chrominance values. For each block of 
the MxN blocks of the image, the texture statistical parameters are calculated by a 
cluster analysis process which produces clusters of chrominance values and the variance 
values for each cluster. The number of clusters and cluster variances are used to 

35 identify blocks which consist of two (or more ) basic chrominance values (colours ) 
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which are distributed in a random or relatively random pattern. The computed statistical 
parameters are used to identify the more intense "foreground" value. A threshold ,s set 



I I » U a rfofi 



„;cr;r»l narameters. and used tQ identify pixels within each block which 

I 

belong to the foreground value. 

5 2 A circular function centered on the centre of the sub-bit block, with a 

maximum value at its centre and tapering to zero with an appropriate cross-secuonal 
function a 1/2 wave raised cosine function, is calculated. The magnitude of the circular 
function is set from the cluster statistics ( by means of empirical measurements), to 
maximise the insertion strength whilst limiting visibility. It is also lirruted by the 

10 existing concavity/ convexity of the sub-bit block, which is calculated as in the above 
described embodiment. 

3 The insertion function thus calculated is applied to adjust the cluster value in 
a positive or negative manner depending on the existing concavity, according to the 
required sign. The adjustment is made only to those pixels which have been identified 

15 as part of the foreground value. 



DECODER 

1. As with step 1. of the Encoder, the statistical parameters of the sub-bit block 
are calculated to identify the "foreground" pixels. 
20 2. For each identified foreground pixel , the distance from the centre of the sub- 

bit block (circular insert function) is calculated. 

3 All different combinations of pairs Pi of foreground pixels are determined, 
and for each pair Pi the nearer pixel to the centre is calculated. The difference in the 
intensity values Vi of each pair is computed by subtracting the value of the pixel nearer 
.5 the centre from the value of the pixel further from the center. The difference Di in the 
distances of the pixels of each pair from the centre is also calculated. 

4. A factor C is now computed = Zj Vi*Di 

5. C is now the estimate of concavity and is used as in the main embodiment as 

described above. 
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CLAIMS 

1 . A method of inserting coded information into an image, comprising analysing 
5 the image, identifying strongly featured regions , and inserting coded information into 

these regions. 

2. A method according to claim 1 , wherein the strongly featured regions comprise 
edge regions between areas of different luminance and/ or chrominance. 

3. A method according to claim 1, wherein the strongly featured regions comprise 
10 textured regions having distributed therein localised areas of different luminance and/or 

chrominance values. 

4. A method according to any preceding claim, wherein the coded information is 
inserted into the image by altering the structure of the image in a predictable or 
identifiable manner so that the coded information can subsequently be retrieved without 

15 reference to the original image. 

5. A method according to claim 3, comprising analysing a textured region by a 
process of cluster analysis, identifying a cluster of foreground local areas with a certain 
quality, and modifying the chrominance and/or luminance values of the cluster with an 
insert function which decreases in intensity from its centre, for representing one of two 

20 binary values. 

6. A method according to claim 5, wherein the insert function is circular in extent, 
and is centred on the geometric centre of the cluster. 

7. A method according to claim 2, including inserting along a length of the edge 
region an insert function whose intensity varies in a non-linear manner, for representing 

25 one of two binary values. 

8. A method according to claim 7, wherein the insert function is elliptical in extent, 
with its intensity gradually decreasing in a direction along its major axis, and with its 
major axis extending along the length of the edge. 

9. A method according to claim 8, wherein the elliptical function is centred on the 
30 centre of the edge. 

10. A method according to any of claims 5 to 9, wherein the insert function varies in 
intensity in a concave manner. 
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U. A method according to any preceding claim, including identifying a masking 
parameter for the image, and limiting the intensity of the inserted code in accordance 
with the masking parameter. 



5 12. A method for inserting coded information into an image, comprising analysing 
the image, identifying strongly featured regions, determining for at least one such 
region a masking parameter, and inserting coded information into such region in a 
predictable or identifiable manner by an amount limited in accordance with said 
masking parameter. 

10 13. A method according to claim 1 2. wherein the masking parameter determination 
includes assessing the image as to the degree of strength or energy of the strongly 
featured region within the image, and determining the intensity of the code insert in 
dependence on such strength assessment. 

1 4. A method according to claim 1 2. including assessing the image as to whether 
1 5 the image overall contains a function of the type of which the coded information is 

inserted, and assessing the degree of such function. 

1 5. A method according to claim 1 4. wherein the coded information is inserted 
employing a concave function. 

16. A method according to claim 14. wherein the sum of the coded information 
20 function and the existing function is limited if the intensity of the existing function in 

the image is too great. 

17. A method according to any of claims 12 to 16. wherein the masking parameter 
determination includes determining whether the strongly featured region is sufficiently 
well defined to permit insertion of coded information. 

25 1 8. A method according to any preceding claim, comprising dividing the image up 
into blocks formed in N rows and M columns, and carrying out said analysing and 
inserting steps in each block. 

19. A method according to claim 18. wherein a group of blocks, selected according 
to a predetermined rule, are encoded according to a pseudo random sequence so that the 

30 blocks in the group represent one or more bits of information. 

20. A method according to claim 18 or 19, including the following steps: 

a) dividing image data up into blocks each formed of a predetermined number of 
pixels, and 



21 

BNS0OC10: <WO 96250054 M_> 



WO 96/25005 PCT/GB96/00246 



b) calculating an insert function to be added to the luminance of each pixel 
within the block based on the distance of the pixel from the central point of the edge. 

21. A method according to claim 18, wherein an_assessment is made of the type of 
image within each block, whether it has a single strongly featured region, has several 

5 strongly featured regions, or is a block having low activity in terms of image 
information. 

22. A method according to claim 21, wherein if a block is assessed to have a low 
activity, a code is inserted into the block defined by a geometric region wherein the 
pixels within the region have a luminance modulated according to a predetermined 

10 function. 



23. A method of decoding information contained in an image, the method 

15 comprising analysing the image, identifying strongly featured regions, determining for 
at least one such region an anticipated insertion of coded information, and correlating 
such anticipated insertion with the image to determine whether there has been inserted 
into the strongly featured region coded information. 

24. A method according to claim 23, including determining the intensity of an 
20 anticipated insert function in accordance with a masking parameter based on the 

strength or energy of the strongly featured region. 

25. A method according to claim 24, including assessing the image as to whether 
the image overall contains a function of the type of which the coded information is 
inserted, assessing the degree of such function, and performing said correlation with 

25 such assessments 

26. A method according to claim 25, wherein the coded information has been 
inserted employing a concave function. 

27. A method according to any of claims 23 to 26, wherein the strongly featured 
regions comprise edge regions between areas of different luminance and/ or 

30 chrominance. 

28. A method according to any of claims 23 to 26, wherein the strongly featured 
regions comprise textured regions having distributed therein localised areas of different 
luminance and/or chrominance values. 
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29 A method according to claim 28, comprising analysing a textured region by a 
process of cluster analysis, identifying a cluster of foreground local areas with a certain 
quality, and deterging whether there exists a modification of the chrominance and/or 
luminance values of the cluster with an insert function which decreases in intensity 
5 from its centre, for representing one of two binary values. 

30. A method according to claim 29. wherein the insert function is circular in 
extent, and is centred on the geometric centre of the cluster. 

3 1 A method according to claim 27. including determining whether there exists 
along a length of the edge region an insert function whose intensity vanes in a non- 
10 linear manner, for representing one of two binary values. 

30 A method according to claim 3 1 . wherein the insert function is elliptical in 
extent, with its intensity gradually decreasing in a direction along its major axis, and 
with its major axis extending along the length of the edge. 

33. A method according to claim 32. wherein the elliptical function is centred on the 
15 centre of the edge. 

34. A method according to any of claims 29 to 33. wherein the insert function varies 
in intensity in a concave manner. 

35 A method according to any of claims 23 to 34. comprising dividing the image 
up into blocks formed in N rows and M columns, and carrying out the aforesa,d 

20 decoding steps in each block. 

36 A method according to claim 35, wherein a group of blocks, selected according 
to a predetermined rule, are decoded according to a pseudo random sequence, the 
blocks in the group representing one or more bits of information. 

25 37. A method according to claim 35 or 36, including the following steps: 

a) dividing image data up into blocks each formed of a predetermined number of 

pixels, and 

b) calculate an insertion function to be added to the luminance of each pixel 
within the block based on the distance of the pixel from the centre of the edge, the 

30 function being aligned with the block orientation. 

38 A method according to claim 35 wherein an assessment is made of the type of 
image within each block, whether it has a single strongly featured region, has several 
such regions, or is a block having low activity in terms of image information. 
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39. A method according to claim 38 wherein if a block is assessed to have a low 
activity, the decoding operation detects a code inserted into the block defined by a 
geometric region wherein ihe_(^d^wi^n the region have a JuminMce mo_dulated 
according to a predetermined function. 



40. Apparatus for inserting coded information into an image, comprising means for 
analysing the image and identifying strongly featured regions , and means for inserting 
coded information into at least one such region. 

10 41. Apparatus according to claim 40, wherein the analysing means is operative to 
identify edge regions between areas of different luminance and/ or chrominance. 

42. Apparatus according to claim 40, wherein the analysing means is operative to 
identify textured regions having distributed therein localised areas of different 
luminance and/or chrominance values. 

15 43. Apparatus according to any of claims 40 to 42, wherein the inserting means is 
operative to alter the structure of the image in a predictable or identifiable manner so 
that the coded information can subsequently be retrieved without reference to the 
original image. 

44. Apparatus according to claim 42, wherein said analysing means is operative to 
20 analyse a textured region by a process of cluster analysis, by identifying a cluster of 

foreground local areas with a certain quality, and the inserting means is operative to 
modify the chrominance and/or luminance values of the cluster with an insert function 
which decreases in intensity from its centre, for representing one of two binary values. 

45. Apparatus according to claim 41, wherein said inserting means is operative to 
25 insert along a length of the edge region an insert function whose intensity varies in a 

non-linear manner, for representing one of two binary values. 

46. Apparatus according to claim 45, wherein the insert function is elliptical in 
extent, with its intensity gradually decreasing in a direction along its major axis, and 
with its major axis extending along the length of the edge. 

30 47. Apparatus according to claim 46, wherein the elliptical function is centred on 
the centre of the edge. 

48. Apparatus according to any of claims 44 to 47, wherein the insert function 
varies in intensity in a concave manner. 
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49 Apparatus according .0 claim 40. inducing means for identifying a masking 
parameter for the image, and .imiting the intensity of the inserted code in accordance 

;o that the inserted code is invisible. 



with the inasKing par 



j 50 Apparatus for inserting coded information into an image, comprising means for 
analyst the image, means for identifying strongly featured regions means for 
2 fining for a, least one such region a masking parameter, and means for tnsenmg 
cUfoLuon into such region in a predictable or identifiable manner by an amount 
limited in accordance with said masking parameter. 

,0 51 Apparatus according to claim 50. wherein the means for determining the 

masking parameter includes means for assessing the image as .0 the degree of actm.y 
or energy within the image. 

5, Apparatus according .0 claim 50 or 5 1 . wherein the means for determining the 
m'asking parameter includes means for assessing the image as to whether the .mage 
15 overall contains a function of the type of which the coded informal ,s tnsened. and 
assessing the degree of such function. 

53. Apparatus according to claim 52, wherein the insertion means is operative to 
insert coded information employing a concave function. 

j- „ t~ z-ioim 5? including means for limiting the total 

54 Apparatus according to claim 3/. mciuuuig =» 

■ f u m of rVv. intensity of the coded information and the intensity of the 
20 intensity if the sum of the intensity oi mc 

function in the overall image is too great. 

55 Apparatus according to any of claims 50 to 54. wherein the masking parameter 
means includes means for determining whether the strongly featured region is 
sufficiently well defined to permit insertion of coded information. 

,5 56 Apparatus according to any of claims 40 to 55. including means for dividing the 
" image up into blocks formed in N rows and M columns, and carrying out said analysing 
and inserting steps in each block. 

57 Apparatus according to claim 56, wherein the inserting means includes means 
for encoding a .roup of blocks, selected according to a predetermined rule, according 

° " _ _ fhnr the b i ock s in the group represent one or more bits 

30 to a pseudo random sequence so that the biocics in mc g v v 

of information. 

58 Apparatus according to claim 56, including : 

a) means for dividing image data up into blocks each formed of a predetermined 
number of pixels, and 
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b) means for calculating an insert function to be added to the luminance of each 
pixel within the block based on the distance of the pixel from the central point of the 
edge. 

59. Apparatus according to claim 56, wherein the analysing means is operative to 
5 assess the type of image within each block, whether it has a single strongly featured 

region, has more than one strongly featured region, or is a block having low activity in 
terms of image information. 

60. Apparatus according to claim 59 wherein the insertion means is arranged to 
insert a code into a block assessed to have a low activity, the code defined by a 

10 geometric region wherein the pixels within the region have a luminance modulated 
according to a predetermined function. 



15 61 . Apparatus for decoding information contained in an image, comprising means 
for analysing the image, means for identifying strongly featured regions, means for 
determining for at least one such region an anticipated insert of coded information, and 
means for correlating such anticipated insertion with the image to determine whether 
there has been inserted coded information into such coded region. 

20 62. Apparatus according to claim 61, including means for determining the intensity 
of an anticipated insert function in accordance with a masking parameter based on the 
strength or energy of the strongly featured region. 

63. Apparatus according to claim 61 or 62, including means for assessing the 
image as to whether the image overall contains a function of the type of which the 

25 coded information is inserted and for assessing the degree of such parameter, and said 
correlation means is operative to correlate such assessments with the anticipated 
insertion. 

64. Apparatus according to claim 63, wherein the assessing means is arranged to 
assess a concave parameter. 

30 65. Apparatus according to any of claims 61 to 64, wherein the masking parameter 
determination means includes means for determining whether the strongly featured 
region is sufficiently well defined to have permitted insertion of coded information. 

66. Apparatus according to claim 61, wherein the identifying means is arranged to 
identify edge regions between areas of different luminance and/ or chrominance. 
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67 Apparatus according .o cUim 6.. wherein the identifying means is arranged ,o 
identify textured regions having distributed therein .ocaUsed areas of d.fferen. 

• A /^r.^Kmminqnce values.. _ _ 

lUmiUiUlCC dllUiWi v * — 

68 Apparatus according to claim 67, wherein the identifying means is arranged to 
5 analyse a textured region by a process of cluster dialysis, identifying a du«crof 

foreUnd local areas with a certain quality, and the estimaung means is ^ged o 
d eteLne whether there exists a modification of the chrominance anchor lu« 
values of the cluster with an insert function which decreases ,n intensity from us centre, 
for representing one of two binary values. 

„ r A\no rn claim 68 wherein the estimating means is arranged to 
10 69 Apparatus according to claim oo. wuci 

• c t - rt „ circular in extent, and centred on the geometnc centre of 
determine an insert function circular in extern, <u 

the cluster. 

,. tn Haim 67 wherein the estimating means is arranged to 

70 Apparatus according to claim o/, wnci^i 

, . <*hnf the ed*e region an insert function whose intensity vanes in 
determine along a length of the edge regiun «m 

1 5 a non-linear manner, for representing one of two binary values. 

71 Apparatus according to claim 70, wherein the estimating means is arranged ,o 
dLuJl insert function elliptical in extent, with its — /^^^ 
i„ a direction along its major axis, and with its major axis extending along the length 

the edge. 

, . ,„ ot *;m7l wherein the elliptical function is centred on 
20 72. Apparatus according to claim 71. wherein inc r 

the centre of the edge. 

73 Apparatus according to any of claims 68 to 11. wherein Che estimaung means is 
arranged to determine an insert Action which varies in in.enstcy in a concave manner. 

c u; m c 71 tn 7", wherein the analysing means is 

74 Apparatus according to any of claims 7 1 to 73, wnerem 

■ • r« ki™>w formed in N rows and M columns. 

25 arranged to divide the image up into blocks tormea in 

. . 14 unrein the determining and estimating 
75. Apparatus according to claim 74. wherein the aeien » 

, „ rt fMnrl« according to a predetermined rule, for 

means are arranged to se ect a group of blocks, according iu v 

means are arranged 5 Q( , auence tne blocks in the group representing 

decoding according to a pseudo random sequence, tne oio 

one or more bits of information. 

30 76 Apparatus according to claim 74. including the following steps: 

a, means for divid.ng image data up into Mock, each formed of a predetermined 

number of pixels, and 
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b) means for calculating an insertion function to be added to the luminance of 
each pixel within the block based on the distance of the pixel from the centre of the 
edge, the function being aligned with the block orien tation . 

77 . Apparatus according to claim 74 including means for assessing the type of 
5 image within each block, whether it has a single strongly featured region, has several 
such regions, or is a block having low activity in terms of image information. 

78. Apparatus according to claim 77 wherein the estimating means is arranged to 
detect a code inserted into a low activity block defined by a geometric region wherein 
the pixels within the region have a luminance modulated according to a predetermined 

10 function. 

79. Apparatus according to claim 78, wherein the estimating means is arranged to detect 
a circular insert with a concave variation of intensity in a radial direction. 



80. A method of coding information into an image, comprising dividing the image 
15 in MxN blocks in N rows and M columns, and inserting into selected blocks code 

information of one of a plurality of types, the type of code inserted depending on an 
assessment of the image features in the respective block. 

81. A method according to claim 80, wherein for each block, strongly featured 
regions for the eye are sought, and if identified, an appropriate code is inserted into 

20 strongly featured region. 

82. A method according to claim 81, wherein the strongly featured regions comprise 
edge regions between areas of different luminance and/or chrominance, or textured 
regions having distributed therein localised areas of different luminance and/or 
chrominance. 

25 83. A method according to any of claims 80 to 82, wherein in each block, weakly 
featured or background regions are sought, and if identified, an appropriate insert 
function is inserted into such region. 

84. A method according to claim 83, wherein the insert function is a relatively large 
region having a constant or slowly varying luminance over its area. 

30 

85. Apparatus for coding information into an image, comprising means for dividing 
the image in MxN blocks in N rows and M columns, and means for inserting into 
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selected blocks code information of one of a plurality of types, the type of code inserted 
depending on an assessment of the image features in the respective block. 

86 Apparatus according to claim 85,-including .analy^n^sJor^mning,-. 
for each block, strongly featured regions for the eye, and if identified, said inserting 

5 means is operative to insert an appropriate code into the strongly featured region. 

87 Apparatus according to claim 86. wherein the strongly featured regions 
comprise edge regions between areas of different luminance and/or chrominance, or 
textured regions having distributed therein localised areas of different luminance and/or 
chrominance. 

10 88 Apparatus according to any of claims 85 to 87, including analysing means for 
determining in each block, weakly featured or background regions, and if identified, 
said inserting means is arranged to insert an appropriate insert function into such region. 
89. Apparatus according to claim 88. wherein the insert function is a relatively 
large region having a constant or slowly varying luminance over its area. 

15 

90 A method of decoding information from an image, comprising dividing the 
imace in MxN blocks in N rows and M columns, and detecting in selected blocks code 
information of one of a plurality of types, the type of code detected depending on an 
assessment of the image features in the respective block. 
20 9 1 A method according to claim 90. wherein for each block, strongly featured 
regions for the eve are sought, and if identified, an appropriate code is detected in a 
strongly featured region. 

90 A method according to claim 9 1 . wherein the strongly featured regions comprise 
edge regions between areas of different luminance and/or chrominance, or textured 
25 regions having distributed therein localised areas of different luminance and/or 
chrominance. 

93 A method according to any of claims 90 to 92. wherein in each block, weakly 
featured or background regions are sought, and if identified, an appropriate insert 
function is detected in such region. 
30 94. A method according to claim 93. wherein the insert function is a relatively large 
region having a constant or slowly varying luminance over its area. 
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95. Apparatus for decoding information from an image, comprising means for 
dividing the image in MxN blocks in N rows and M columns, and means for detecting 
in_seIected_bIocks code information of one of a plurality of types, the_type of code 
detected depending on an assessment of the image features in the respective block. 

5 96. Apparatus according to claim 95, including analysing means for determining, 
for each block, strongly featured regions for the eye, and if identified, said detecting 
means is operative to detect an appropriate code in the strongly featured region. 

97. Apparatus according to claim 96, wherein the strongly featured regions 
comprise edge regions between areas of different luminance and/or chrominance, or 

10 textured regions having distributed therein localised areas of different luminance and/or 
chrominance. 

98. Apparatus according to any of claims 95 to 97, including analysing means for 
determining in each block, weakly featured or background regions, and if identified, 
said detecting means is arranged to detect an appropriate insert function in such region. 

15 99. Apparatus according to claim 98, wherein the insert function is a relatively 
large region having a constant or slowly varying luminance over its area. 

100. Apparatus according to claim 99, wherein the insert function is circular having 
an intensity which varies in a concave manner in a radial direction. 
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